Introduction
The adoption of Roundup Ready crops and no-till practices and reliance on glyphosate has resulted in a serious concern for long-term use of this valuable weed management tool. Glyphosate rates used in Roundup Ready soybean have increased steadily since its introduction in 1996 suggesting that biotypes with greater tolerance have been selected for in a number of weed species. Within the North Central region, populations of field bindweed resistant to glyphosate in Indiana were reported in the 1980' s, and populations of horseweed resistant to glyphosate were confirmed in 2002. In addition, there is substantial evidence that common waterhemp, common ragweed, and common lambsquarters biotypes are showing resistance to glyphosate in various regions of the corn belt as well.
The purpose of this presentation is to discuss the biology and management of glyphosateresistant horseweed.
Glyphosate-resistant horseweed
Horseweed (aka marestail, horseweed fleabane) (Conyza canadensis) is weed common to much of the Midwest. It can emerge in the fall or spring and has been listed as one of the most difficult weeds to control by Indiana farmers surveyed in 1996, 2000, and 2004 . Horseweed is well adapted to no-till systems and will infest summer annual crops. Horseweed generally emerges in the fall (August-October) , overwinters as a rosette, and produces seed the following spring or summer. However, in southern Indiana and other regions of the southern cornbelt, we have observed horseweed emerging from mid March through early july when soil moisture conditions are favorable.
Horseweed seed is easily wind-disseminated and can establish in a wide range of soil and climatic conditions. The wind dissemination and relatively high seed production of horseweed suggest that the dispersal of herbicide-resistant horseweed plants across an agricultural landscape could be very rapid .
Horseweed is tolerant of many commonly used herbicides and biotypes resistant to glyphosate, ALS, triazines, paraquat, and glyphosate have been reported on the Herbicide Resistant Weeds Website (http://www.weedscience.org/in.asp). Multiple resistance (resistance to chemically unrelated herbicides that have different modes of action) has also been reported with paraquat and atrazine-resistant biotypes in Hungary, atrazine and chlorsulfuron-resistant biotypes in Israel, and glyphosate and cloransulam (FirstRate) biotypes in Ohio.
Horseweed having an 8 to 13-fold resistance compared to a susceptible population was discovered in 2000 in Delaware in continuous no-till soybean production, and similar levels of resistance have been reported in Indiana. Since this first report, glyphosate-resistant horseweed has also been discovered in a number of different states including Indiana, Ohio, and Missouri.
What does glyphosate-resistant horseweed look like in the field?
Figure l. No-till field in which glyphosate-resistant horseweed is continuing to grow while susceptible plants that were the same size at the time of application are dead.
Identifying a glyphosate-resistant weed population is not as simple as documenting an ALS resistant weed population. Here are a few items to consider when you suspect a weed population might be resistant to glyphosate.
We believe that environmental conditions play a very important role in determine glyphosate efficacy. Control failures could be due to poor spray coverage, low application rates, dew, or environmental conditions. Horseweed more than 6 inches tall is poorly controlled with reduced rates of glyphosate. Heavy dew and cool fronts just prior to glyphosate applications can reduce herbicide performance. If a second herbicide application was made and control of other weeds improved, but the horseweed is still alive and well, then resistance could be a distinct possibility. So compare weather records and application factors of fields that show variable glyphosate efficacy.
Horseweed traditionally emerges in the fall and overwinters as a rosette, but it can act as a summer annual as well with emergence and growth during the spring and summer. This is especially true when warm spring temperatures are followed by a cool period in May. Summer annual horseweed may emerge after initial burndown or even later. In 2004, we observed horseweed emerging in the middle of July, after postemergence glyphosate treatments had been applied. Be cautious about misdiagnosing late-emerging plants as glyphosate resistant.
Horseweed plants that have been exposed to glyphosate may differ in their response to the herbicide. Susceptible plants will have yellow tops or meristematic regions which will eventually spread throughout the plant. The growing point and the rest of the plant will die within a few weeks. Resistant plants may be initially stunted and even display some yellowing if the glyphosate rate was high enough. The growing point will rarely die, but if it does, then the bottom of the plant may generate additional branches resulting in a bushy looking plant with multiple growing points. This can also be observed when susceptible plants are allowed to get too large (typically more than l foot tall) prior to herbicide application. Glyphosate-resistant and susceptible plants can be found beside each other and interspersed throughout a field ( Figure  l) . If horseweed growth was uniform and most of the plants were the same size at the time of application , then the presence of live plants amongst dead plants is an indication of resistant biotypes.
Field history can be used to determine which fields should be monitored more closely for glyphosate-resistant horseweed. Continuous no-till, glyphosate-resistant soybean without use of alternative modes of action are more likely to have glyphosate-resistant weeds than those that have had both crop and herbicide rotations. Second, fields in continuous no-till , but rotated between corn and soybean should be monitored closely as well. If glyphosate was the primary burndown herbicide used in front of both corn and soybean, and the soybean cultivar was Roundup Ready, a great deal of selection pressure for glyphosate-resistant weeds has been placed on that field . Third, be aware of a slow decline in the apparent effectiveness of glyphosate over time. Some fields will seem to require higher rates to achieve good horseweed control. Initially a few plants may not be controlled. If these plants are resistant to glyphosate and allowed to go to seed, then the resistant population could increase dramatically over a short time period.
How widespread is glyphosate-resistant horseweed?
We are conducting a three-year study to determine the occurrence and distribution of glyphosate-resistant horseweed in Indiana. Over 50 of the 92 counties in Indiana have been selected for sampling based on the presence of horseweed populations believed to be resistant to glyphosate, proximity to counties with suspected resistant populations, conservation tillage classification, anc:l!or cropping history.
Survey sites in each county are randomly determined from NASS Cropland Data Layer and United States Geological Service digitized aerial imagery. Counties are divided into grids of approximately 2500 to 5000 acres and one cropped soybean field (using GPS coordinates) within each grid is identified using the categories associated with the Cropland Data Layer and orthophotos. Additional non-cropland sites which contain horseweed will be randomly selected along the survey routes. Within each site, seed will be collected from approximately 40 mature plants in the fall and stored until screened for resistance in the greenhouse. Figure 2 shows the counties we have sampled to date and the number of sites surveyed from each county. Glyphosate resistance screening is conducted after samples are collected each fall. The initial screen involves growing the seed sources out to a 2 to 3 inch rosette and applying a 2x (1.54 lb ae/A) rate of glyphosate to these plants. At 3 weeks after this treatment the plants are visually scored. Plants that are not controlled or suppressed at least 60% are classified as resistant ( Figure  3 ). Once resistant populations are identified, glyphosate resistance levels (R/S ratios) in selected populations are determined in dose-response experiments. Once we have confirmed resistance, this information is incorporated into the Purdue Horseweed websites where users can access the most recent information we have on locations of glyphosate resistant horseweed in Indiana (http://www. btny purdue .edu/weedscience/marestaillindex. htm) .
To date we have confirmed glyphosate resistant horseweed in 19 counties in Indiana. Figure 4 shows the counties where resistant populations were found. Most of the resistant populations are located in southeast Indiana, although resistant populations have been found as far north as Montgomery county in northwest Indiana and Wells and Blackford counties in northeast Indiana. Figure 4 also contains a county level map showing specific locations where samples were collected and the response of that sample to the glyphosate screen. 
Management keys -horseweed control before soybean
The primary goal of a horseweed management program in no-till soybeans should be effective control of emerged horseweed plants prior to planting. Soybeans planted before early to midMay also will require a residual herbicide to control later emerging, summer annual plants. This strategy will reduce the need for postemergence herbicide treatments, which can be limited in effectiveness and exert further selection for herbicide resistance in the population. The following principles are important in horseweed control programs:
,4-D ester should be included in herbicide treatments when possible;
herbicides should be applied when horseweed plants are no more than 4 to 6 inches tall; herbicides applied in the fall will control emerged horseweed, but may not adequately control spring-emerging plants; and spring applications prior to early May should include a residual herbicide to control lateremerging plants.
Control of emerged plants before planting
The most effective treatments for controlling horseweed plants up to about 6 inches tall are ranked roughly in order of effectiveness below. Treatments containing fewer than three herbicides may be less effective on an ALS-or glyphosate-resistant population. Several other treatments can be effective when plants are less than two inches tall, including: Sencor plus 2,4-D ester; Sencor plus Gramoxone; and 2,4-D ester alone. A combination of 2,4-D ester plus CanopyXL, FirstRate/Amplify, or Gangster can also be used on small plants, but effectiveness will be reduced in ALS-resistant populations.
Residual horseweed control (spring application)
In fields where horseweed may beALS-resistant, the most effective herbicides include Gangster, metribuzin (at least 0.4 lb ai!A), sulfentrazone, and Valor, CanopyXL, FirstRate/Amplify, or Python can be used for residual control in fields where the horseweed is not ALS-resistant.
Spring herbicide recommendations based on horseweed size
Fields treated with herbicide the previous fall . Fields should be free of over-wintering horseweed in the spring, as long as 2,4-D ester was a component of the fall treatment, but additional horseweed emergence is likely. It is possible that residual herbicides applied in the fall, such as CanopyXL, Valor, and Sencor, can control horseweed through early june. This is most likely to occur in sparser populations that are not ALS-resistant. Regardless of the herbicide(s) applied in fall , fields should be scouted before planting. Apply herbicide as needed prior to soybean planting to control emerged horseweed, and include residual herbicides if the field is planted before mid-May
Horseweed in the seedling or rosette stage (April)
Controlling horseweed in the seedling or rosette stage can be extremely effective, since small plants are easily controlled and residual herbicides applied at this time can provide control through early june. Emerged plants should be adequately controlled by 2,4-D ester (1lb ail A). When the 2,4-D rate is limited to 0.5 lb ai!A, combine with glyphosate, Sencor, or Sencor plus Gramoxone. Sencor plus Gramoxone (without 2,4-D) can effectively control seedlings or small rosettes.
Horseweed stem elongated but not more than 4 to 6 inches tall (May)
During this stage, the most effective treatment is glyphosate plus 2,4-D ester plus either CanopyXL or FirstRate/Amplify Glyphosate plus 2,4-D ester is effective where glyphosate resistance is not an issue, and glyphosate plus either CanopyXL or FirstRate/Amplify is effective where ALS resistance and ALS plus glyphosate resistance is not an issue. Use a glyphosate rate of at least 0. 75 lb acid equivalent per acre, unless ALS plus glyphosate resistance is present, then use a minimum rate of 1.5 lbs acid equivalent/A. Somewhat more variable but generally effective on this size plant is the combination of Sencor plus Gramoxone (minimum of l. 7 pt!A) plus 2,4-D ester.
Horseweed more than 6 inches tall (mid to late May)
Horseweed of this size will likely be difficult to control. Anything less than a three-way mixture of glyphosate plus 2,4-D ester plus CanopyXL or FirstRate/Amplify is not recommended. Use a glyphosate rate of at least 1.5 lbs acid equivalent/A. Resistance to glyphosate and/or ALS inhibitors can result in situations where effective control is not possible.
Management keys -horseweed control in emerged soybean
A field experiment was conducted in southeast Indiana to evaluate various herbicides for control of emerged horseweed up to 1 foot tall in emerged soybean. The treatments were applied at the V3 soybean growth stage and evaluated included glyphosate, Classic, FirstRate, and 2,4-DB alone and tankmixes of glyphosate plus various combinations of the other products.
Glyphosate alone at 0.77lb/A provided 46, 60, and 69% control, respectively, at 18, 32, and 89 DAT. Glyphosate alone at 1.12 lb/A provided 76, 90, and 95 % control, respectively, at 18, 32 , and 89 DAT. Horseweed was controlled 88% or higher at all three rating dates with FirstRate alone. Classic alone controlled horseweed 81 to 84% at all three rating dates. 2,4-DB alone provided poor control. The addition of Classic or FirstRate to glyphosate usually resulted in better control than glyphosate alone. The addition of 2,4-DB to glyphosate did not improve control, and may have resulted in reduced control in a couple of instances. Three-way mixtures of glyphosate + Classic+ 2,4-DB controlled horseweed 83 to 96% at all three rating dates. Three-way mixtures of glyphosate + FirstRate + 2,4-DB controlled horseweed 69 to 97% at all three rating dates.
In conclusion, although the three way mixtures tend to provide the best control numerically over the three rating dates, crop injury concerns with 2,4-DB might limit it's use. The addition of Classic or FirstRate to glyphosate appears to be the best tankmix partner for control of glyphosate-resistant horseweed if the population is not ALS resistant.
Management keys -horseweed control in emerged corn
A second field experiment was conducted in southeast Indiana to evaluate various herbicides for control of emerged horseweed up to l foot tall in emerged corn at the V3 to V4 growth stage. Postemergence herbicide options for corn are numerous and several logical choices were evaluated in this study.
Horseweed control was 80% or higher on july 26 (18 DAT) with atrazine + Callisto, Yukon, dicamba + atrazine, and Spirit. Control with glyphosate alone at 0 .77 and 1.12 lb/A was less than 45 %. On October 5 (89 DAT), control with the glyphosate alone treatments was less than 75%; however, a number of treatments provided greater than 90% control. Treatments which provided greater than 90% control at the end of the season included atrazine, atrazine + Callisto, Distinct, Northstar, Spirit, Exceed, Celebrity Plus, Permit, Yukon, dicamba & atrazine, Sencor, Python, and Hornet.
In conclusion, products containing atrazine, dicamba, Sencor, Spirit, and Python provided the best postemergence control of horseweed in corn.
